The signaling activity of Platelet-derived growth factors A and B (PDGF-A and PDGF-B) that is mediated through the two receptor kinases, PDGFR-a and PDGFR-b has been shown to be critical for the development of the cardiovascular organs, the kidney, the lung and the central nervous system. During the cloning of genes for VEGF related proteins, we isolated a mouse cDNA that can encode for a protein of 345 amino acids. A comparison of the amino acid sequence reveals that this predicted gene product displays 95% identity to human PDGF-C. The mouse Pdgfc gene maps to a region of chromosome 17 that is syntenic to human chromosome 6p21.3 In E9.5±E15.5 mouse embryo, Pdgfc is widely expressed in the surface ectoderm and later in the germinal layer of the skin, the olfactory and otic placode and their derivatives and the lining of the oral cavity. In the gut and visceral organs, such as the lung and the kidney, Pdgfc mRNA is ®rst expressed in the endodermal epithelium and later in mesenchymal tissues associated with the endodermal structures. Similar to other PDGFs, Pdgfc is widely expressed in mesenchymal precursors and the myoblast of the smooth and skeletal muscles. Contrary to PDGF-A, Pdgfc is not expressed in the central nervous system, except in the cerebellum, and neurogenic derivatives of the neural crest cells. Pdgfc is also absent from the heart and the vascular endothelium q
Results and discussion

Cloning and mapping of mouse Pdgfc
A mouse cDNA clone was isolated by PCR using degenerate primers for VEGF related proteins (see Section 2). The predicted product encoded by this cDNA is a polypeptide of 345 amino acids containing an eight cysteine amino acid core that is characteristic of the homologous domain of PDGF/VEGF proteins. This putative protein shares 95% amino acid identity with the human PDGF-C, a recently identi®ed member of the platelet-derived growth factor (PDGF) family (Li et al., 2000) (Fig. 1) .
The mouse Pdgfc gene was localized, by mouse radiation hybrid mapping, to mouse chromosome 17 at about 11.09 cM from the anchor marker D17Mit16. This chromosomal region is syntenic to human chromosome segment 6p21.3.
Expression of PDGF-C during mouse embryonic development
As a ®rst step to elucidate the functional role of PDGF-C, we carried out an in situ hybridization study of the expression of the Pdgfc gene in mouse embryos at E9.5±E15.5 of development. Fig. 2A ,B show the overall expression pattern as seen in whole-mount preparation of embryos at E9.5 and E12.5, respectively. At both stages Pdgfc mRNA was expressed at a low level in the ventral surface ectoderm, This ectodermal expression was later con®rmed by sectioning the whole-mount stained embryos. At E9.5, strong expression of Pdgfc was localized in the epithelial lining of the branchial arches, the branchial pouches and membranes, the primitive oral cavity and the nasal (olfactory) placode ( Fig. 2A) . The expression of Pdgfc at earlier than E9.5 developmental stage is remained to be elucidated. At later stage, strong expression was maintained at E12.5 in the surface ectoderm of the frontonasal (snout) region, the epithelium of the buccal cavity and the nasal cavity and meatus, the developing eyelid and the outer cells of the (Fig. 2B) . Besides the ectodermal tissues, Pdgfcwas also strongly expressed in the myotome of the somites and the presumptive myoblast in the dorsal aspect of the limb bud of E9.5 embryo ( Fig. 2A) . By E12.5, expression was clearly localized in both the myoblasts and myocytes of the facial and cervical muscles, the epaxial muscles of the trunk, the muscles in the limb bud and the intercostal muscles of the thorax (Fig. 2B) . Expression of Pdgfc was also found in the endodermal tissues of the foregut and the hindgut (E9.5, Fig. 2A ), and the intestinal loops that herniate through the umbilical hiatus (Fig. 2B ). Wholemount in situ analysis of specimens at intermediate stages between E9.5 and E15.5 showed progressive regionalization of Pdgfc expression in the ectodermal and the muscular tissues (data not shown). The Pdgfc gene is therefore actively transcribed in derivatives of all three germ layers in the organogenesis-stage embryo, with the notable exception of the central nervous system (CNS) and cranial nerve ganglia.
A more detailed analysis of the expression of Pdgfc at the tissue level was carried out using section in situ hybridization on E12.5±E15.5 embryos (Fig. 3) . The results con®rmed those revealed by whole-mount in situ hybridization that Pdgfc mRNAs were found in the surface ectoderm (frontonasal and genital regions: Fig. 3A±C ). From E14.5 onwards, Pdgfc expression decreased in the outer layers of keratinizing fetal skin cells but was maintained in the germinal cell layer at the base of the epidermis (Fig. 3E) . Expression in the Fig. 1 . Amino acid sequence comparison between mouse and human PDGF-C. The sequences were aligned using standard parameters of the Clustal algorithm. Identical residues between two sequences are marked as`*', and similar residues as`:'. The conserved eight cysteines that are found within the PDGF/VEGF homology domain are shaded. follicle was limited to the outer sheath cells (Fig. 3D) . As revealed by whole-mount in situ hybridization, Pdgfc expression was consistently detected in the skeletal muscles (e.g. the limb, the rib cage, the face: Fig. 3C,N,P) , but was notably absent in the cardiac muscle ( Figs. 2A and 3P ) and in all parts of the fetal brain, except the early external granular layer of the cerebellar primordium (Fig. 3G) . Expression was, however, detected in the neurogenic cells of the olfactory epithelium lining the nasal cavity (Fig. 3A) , the vomeronasal organ (data not shown), the epithelium of the ducts of the inner ear (Fig. 3F) . The absence of Pdgfc expression in the CNS is different from that of PDGF-A which at this stage, is detected in motor neurons in the brain and spinal cord (Yeh et al., 1991; Fruttiger et al., 1999) . In the developing skeleton, Pdgfc expression was ®rst detected in the perichondrium at E13.5 (Fig. 3N) , in the osteoblasts of the trabecular bone at Fig. 3 . Section in situ hybridization for Pdgfc expression in E12.5±E15.5 mouse embryos. The age of the embryonic specimens is indicated by the number at lower right hand corner of the ®gure. (A,B) Frontonasal region, (C) genital region, (D) follicle, (E) skin of the trunk (F) inner ear, (G) hindbrain, (H,I) lung, (J,K) small intestine, (L) kidney, (M) submandibular salivary gland, (N) hip joint, (O) kidney, (P) heart and (Q) limb bone. Abbreviations: se, surface ectoderm; ne, nasal (olfactory) epithelium; sg, salivary gland; f, follicle; gl, germinal layer of the skin; m, muscle; ce, otic (cochlear) epithelium; ge, gut epithelium; be, bronchial epithelium; sm, smooth muscle; nt, nephric tubules; h, heart; pc, perichondrium; ob, osteoblast; egl, early external granule layer. E15.5 (Fig. 3Q ) and in the intervertebral disks derived from the notochord (data not shown). Pdgfc was not expressed in the liver or the pancreas (data not shown).
A stage-by-stage analysis of Pdgfc expression in speci®c tissue compartments has revealed a highly dynamic pattern of gene activity during the morphogenesis of the salivary gland, the gut, the lung and the kidney. In the salivary gland, expression was con®ned initially in the epithelium (parotid: Fig. 3B ; submandibular: Fig. 3M ), but later also in the adjacent mesenchyme (data not shown). In the gut (stomach, small intestine and large intestine), Pdgfc was ®rst expressed at E12.5±E13.5 only in the endodermal mucosal epithelium (Fig. 3J,K) . As the gut developed, Pdgfc was then expressed in the mesenchyme surrounding the gut (Fig. 3J ) and then the circular and longitudinal smooth muscle layer (Fig. 3K) . Concomitant with the increase in expression in the smooth muscle layer, expression in the endoderm decreased signi®cantly by E15.5.
Expression of Pdgfc was detected at the very early stage of lung bud formation in the epithelium of the bifurcated diverticula (data not shown). Expression persisted in the epithelium of the proximal as well as the distal segments of the bronchial tubules (Fig. 3H,I ) and then spread to the mesenchyme of the branching bronchial tubes (Fig. 3I) , which later forms the smooth muscles of the bronchi and bronchioles. Expression in the bronchial epithelium disappeared almost completely by E15.5 (data not shown), leaving only expression in the smooth muscles. The expression of Pdgfc in the E12.5 bronchial epithelium (Fig. 3H,I ) is similar to that of PDGF-A expression (Orr-Urtreger and Lonai 1992; Lindahl et al., 1997) , but the expression in the smooth muscle layer of the bronchial branches from E13.5 onwards is unique to Pdgfc.The progressive shift of Pdgfc expression from the epithelium to the mesenchyme is a common theme for the genes involved in organogenesis of the lung and gut.
During development of the kidney, Pdgfc was ®rst expressed in the condensed nephrogenic mesenchyme associated with the metenephric bud (data not shown). During the formation of the nephric tubules, Pdgfc activity was detected successively in the mesenchyme and the epithelium in the pre-tubular aggregates during the morphogenesis of the nephric tubules (Fig. 3L,O) in the peripheral zone of the kidney where the most active nephrogenic process occurs. Some weak Pdgfc expression was observed in the ureteric epithelium. This expression pattern is different from other PDGF family members: PDGF-A is expressed in early nephronal epithelial aggregates and later in the developing Henle's loop (Li et al., 2000) , while PDGF-B expression is mainly restricted to the endothelium of developing glomerular capillaries and interlobular arteries (Lindahl et al., 1998) .
Materials and methods
A mouse Pdgfc cDNA fragment was ampli®ed by PCR from a mouse heart adaptor-ligated cDNA library (Clontech) using the forward primer (5 H -CCATCCTAATAC-GACTCACTATAGGGC) and reverse degenerative primers representing all possible codons corresponding to the conserved amino acid sequences of mouse PDGF/VEGF family, RCGGCC. Ampli®cation products were subcloned and sequenced. To clone the remaining coding region of mouse Pdgfc, mouse embryonic cDNAs were used for rapid ampli®cation of cDNA ends (RACE, Clontech). The full length cDNA for mouse Pdgfc has been deposited in GenBank (accession number: AF286725).
Mouse embryos were collected from pregnant outbred ICR female mice at E9.5±E15.5 days of gestation and ®xed in paraformaldehyde. RNA in situ analysis of wholemount E9.5±E15.5 embryos and frozen sections of E12.5± E15.5 embryos were performed according to Hui et al. (Hui and Joyner, 1993) . Sense and antisense digoxigenin-labeled RNA probes were in vitro transcripted from the 1.2 kb full length mouse Pdgfc coding sequence.
Radiation hybrid mapping was applied to map the chromosomal location of the Pdgfc gene. Based on the 3 H UTR sequence of the mouse gene, two primers were designed and they were used to type a mouse whole genome radiation hybrid panel. Typing scores were submitted as a text ®le to the Auto-RHMAPPER at the Whitehead Institute (WWW.genome.wi.mit.edu/mouse-rh/index.html) for linkage analysis.
